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ࡣࡌࡵ࡟ 
 Nigricanoside A (1)ཬࡧ B (2)ࡣᕼᑡᾏὒᛶ⥳⸴ Avrainvillea nigricans ࡟ࡼࡗ࡚⏕⏘ࡉ
ࢀࡿࢢࣜࢭࣟ⢾⬡㉁࡛࠶ࡾ㸪2 ࡘࡢ⬡⫫㓟࡜࢞ࣛࢡࢺ࣮ࢫࡀ๓౛ࡢ↓࠸ᵝᘧࡢ࢚࣮ࢸࣝ⤖ྜ
࡟ࡼࡗ࡚㐃⤖ࡉࢀࡓᴟࡵ࡚⛥࡞ᵓ㐀ࢆ᭷ࡋ࡚࠸ࡿ 1)(Figure 1)ࠋ୧≀㉁ࡣ㸪Williams ࡽ࡟ࡼ
ࡿ༢㞳◊✲ࡢ㐣⛬࡛ᑐᛂࡍࡿࢪ࣓ࢳ࢚ࣝࢫࢸࣝ 3 ཬࡧ 4 ࡟ኚ᥮ࡉࢀ࡚⢭〇ࡀ㐍ࡵࡽࢀ㸪3, 4
ࡢࢫ࣌ࢡࢺࣝゎᯒ࡟ࡼࡗ࡚ Figure 1 ࡟♧ࡍࡼ࠺࡞ᖹ㠃ᵓ㐀ࡀᥦၐࡉࢀࡓࠋ 
 
 
 
Figure 1.    Nigricanoside A ཬࡧ B ࡢᵓ㐀 
 
 Nigricanoside A (1)ࡢࢪ࣓ࢳ࢚ࣝࢫࢸࣝయ(3)ࡣࣄࢺஙࡀࢇ⣽⬊ MCF-7 ཬࡧ኱⭠ࡀࢇ
⣽⬊ HCT-116 ࡟ᑐࡍࡿᙉຊ࡞᭷⣒ศ⿣㜼ᐖάᛶࢆ♧ࡋ (IC50 Ү 3 nM)㸪ࡑࡢᴟࡵ࡚≉␗࡞
ᵓ㐀࡜┦ಗࡗ࡚㸪᪂ࡋ࠸⠊␪ࡢᢠࡀࢇ๣࣮ࣜࢻ໬ྜ≀࡜ࡋ࡚ᴟࡵ࡚᭷ᮃ࡛࠶ࡿ࡜⪃࠼ࡽࢀ
ࡿࠋࡋ࠿ࡋ࡞ࡀࡽ㸪ࡇࡢ໬ྜ≀ࡢ⮬↛⏺࠿ࡽࡢ༢㞳㔞ࡣᴟࡵ࡚ᚤ㔞࡛࠶ࡾ㸦8 ᖺ㛫࡟Ώࡗ࡚
㞟ࡵࡽࢀࡓ A. nigricans 28 kg ࠿ࡽࢃࡎ࠿ 0.8 mg㸧㸪෌༢㞳ࡶᅔ㞴࡛࠶ࡗࡓࡓࡵ㸪❧య໬Ꮫ
ࡣᮍỴᐃࡢࡲࡲṧࡉࢀࡿ࡜࡜ࡶ࡟㸪༑ศ࡞⏕≀άᛶホ౯ࡶ࡞ࡉࢀ࡚ࡇ࡞࠿ࡗࡓࠋ୍᪉㸪
nigricanoside B (2)ࡢࢪ࣓ࢳ࢚ࣝࢫࢸࣝయ 4 ࡣࡉࡽ࡟ᑡ࡞࠸ 0.4 mg ࡋ࠿༢㞳ࡉࢀࡎ㸪❧య
໬ᏛࡢỴᐃࡣࡶ࡜ࡼࡾ㸪⏕≀άᛶࡢホ౯ࡶᐇ᪋ࡉࢀ࡞࠿ࡗࡓࠋ࡞࠾㸪3, 4 ࡢ༢㞳ࡢ㐣⛬࡛
1, 2 ࢆྵࡴ⢒ᢳฟ≀ࢆ࣓ࢳࣝ໬ࡋࡓ࡜ࡇࢁάᛶࡢ㢧ⴭ࡞పୗࡀぢࡽࢀࡓࡇ࡜࠿ࡽ㸪1, 2 ࡑࡢ
ࡶࡢࡣ 3, 4 ࡼࡾࡉࡽ࡟ᙉຊ࡞᭷⣒ศ⿣㜼ᐖάᛶࢆᣢࡘࡶࡢ࡜⪃࠼ࡽࢀ࡚࠸ࡿࠋࡇࡢࡼ࠺࡞
⫼ᬒࡢࡶ࡜㸪ⴭ⪅ࡣ nigricanoside A (1)ཬࡧ B (2)ࡢ❧య໬ᏛࡢỴᐃ࡜㸪ヲ⣽࡞⏕≀άᛶホ
౯ࢆᐇ᪋ࡍࡿࡓࡵࡢᶆရ౪⤥ࢆ┠ᶆ࡜ࡋ࡚㸪ྜᡂ໬Ꮫⓗ࢔ࣉ࣮ࣟࢳ࡟ࡼࡿ◊✲ࢆ㛤ጞࡋࡓࠋ 
Nigricanoside 㢮ࡣ㸪ศᏊୖ㒊࡜୰㒊ࡢ⬡⫫㓟㒊఩㸦௨㝆㸪ࡑࢀࡒࢀD㙐㸪E㙐࡜࿧⛠ࡍࡿ㸧
ཬࡧୗ㒊ࡢ࢞ࣛࢡࢺࢩࣝࢢࣜࢭ࣮ࣟࣝ㒊఩㸦௨㝆㸪GG 㒊఩࡜࿧⛠ࡍࡿ㸧㸪ྜィ 3 ࡘࡢࢭࢢ
࣓ࣥࢺࡢ㐃⤖య࡜ࡳ࡞ࡍࡇ࡜ࡀ࡛ࡁࡿྜࠋ ᡂ໬Ꮫⓗᡭἲ࡟ࡼࡾ nigricanoside 㢮ࡢ❧య໬Ꮫ
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ࢆỴᐃࡍࡿࡓࡵ࡟ࡣ㸪ྛࢭࢢ࣓ࣥࢺࡢ❧య໬Ꮫࢆṇ☜࡟ไᚚࡋࡓྜᡂἲࡢ☜❧ࡀᚲせ୙ྍ
Ḟ࡛࠶ࡿࠋࡑࡇ࡛ⴭ⪅ࡣ㸪nigricanoside 㢮ࡢྜᡂ◊✲࡟ඛ❧ࡕ㸪ࡲࡎD㙐ཬࡧE㙐࡜ྠᵝ࡞
ࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟ᆺᵓ㐀ࢆᣢࡘኳ↛≀ࡢ❧య㑅ᢥⓗྜᡂ◊✲ࢆᐇ᪋ࡋ࡚ྜᡂࡢ
᪉ἲㄽࢆ☜❧ࡋ㸪nigricanoside 㢮ࡢ❧య໬ᏛỴᐃ࡟㐺⏝ࡍࡿ࡜࠸࠺ᇶᮏᵓ᝿ࢆ❧࡚ࡓࠋ 
➨ 1 ❶࡛ࡣ㸪࢜࢟ࢩࣜࣆࣥᆺኳ↛≀࡛࠶ࡿ malyngic acid ࠾ࡼࡧ fulgidic acid ࡢྜᡂࢆ
㏻ࡋࡓࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟㢮ࡢ❧య㑅ᢥⓗྜᡂἲࡢ☜❧࡟ࡘ࠸࡚㏙࡭ࡿࠋࡲࡓ➨ 2
❶࡛ࡣࡑࡢᡭἲࢆ⏝࠸ࡓnigricanoside㢮ࡢD㙐ಖㆤయࡢྜᡂ࡜GG㒊఩࠾ࡼࡧE㙐ࡢྜᡂ◊
✲࡟ࡘ࠸࡚グ㏙ࡍࡿࠋ 
 
➨㸯❶ Malyngic acid ཬࡧ fulgidic acid ࡢ❧య㑅ᢥⓗྜᡂ 
 
 
 
Figure 2    malyngic acid (5)ཬࡧ fulgidic acid (6)ࡢᵓ㐀 
 
➨ 1 ❶࡛ࡣ nigricanoside 㢮ࡢD㙐㸪E㙐࡟㢮ఝࡋࡓᵓ㐀ࢆ᭷ࡍࡿ࢜࢟ࢩࣜࣆࣥᆺኳ↛≀࡛
࠶ࡿ malyngic acid (5)࠾ࡼࡧ fulgidic acid (6)ࡢྜᡂ◊✲ࢆ⾜ࡗࡓ(Figure 2)ࠋ 
Malyngic acidࡣCardellina ࡜Moore࡟ࡼࡗ࡚ᾏὒᛶ⸛⸴Lyngbya majuscula ࠿ࡽ༢㞳
ࡉࢀࡓࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟࡛࠶ࡿ 2)ࠋ୍᪉㸪5 ࡢ C12 ఩࡟㛵ࡍࡿ࢚ࣆ࣐࣮࡛࠶ࡿ
fulgidic acid (6)ࡣ Herz ࡜ Kulanthaivel ࡟ࡼࡗ࡚࢟ࢡ⛉᳜≀ Rudbeckia fulgida ࠿ࡽ༢㞳
ࡉࢀࡓࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟࡛࠶ࡿ 3)ࠋ6 ࡣᚋ࡟ Kato ࡽ࡟ࡼࡗ࡚࠸ࡶࡕ⑓⳦
Pyricularia oryzae ࡟ឤᰁࡋࡓ࢖ࢿ㸦cv. Sasanishiki㸧࠿ࡽࡶ༢㞳ࡉࢀ㸪ྠ⳦࡟ᑐࡍࡿᢠ⳦
άᛶࢆ♧ࡍࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗ࡚࠸ࡿ 4)ࠋ 
㢮ఝࡋࡓᵓ㐀ࢆ᭷ࡍࡿ࢜࢟ࢩࣜࣆࣥᆺኳ↛≀ࡣ⌧ᅾࡲ࡛࡟ከᩘሗ࿌ࡉࢀ࡚࠸ࡿࡀ㸪ࡑࢀ
ࡽࡢ❧య໬Ꮫࢆ⮬ᅾ࡟ไᚚࡋ࡚సࡾศࡅࡽࢀࡿࡼ࠺࡞୍⯡ⓗྜᡂᡭἲࡣᮍ▱࡛࠶ࡗࡓࡓࡵ㸪
ⴭ⪅ࡣ nigricanoside 㢮ࡢྜᡂ໬Ꮫⓗ࢔ࣉ࣮ࣟࢳ࡟ࡼࡿ❧య໬ᏛỴᐃࢆぢᤣ࠼ࡓ㸪ᰂ㌾࡛ຠ
⋡ⓗ࡞ࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟㢮ࡢ❧యไᚚྜᡂἲࡢ☜❧ࢆ┠ᣦࡋࡓࠋࡑࡢ㝿࡟㸪࢚
ࣆ࣐࣮ࡢ㛵ಀ࡟࠶ࡿ 5 ཬࡧ 6 ࢆඹ㏻ࡢྜᡂ୰㛫య࠿ࡽసࡾศࡅࡿࡇ࡜ࡀ࡛ࡁࢀࡤ㸪
nigricanoside 㢮ࡢࡼࡾ▷ᮇ㛫࡛ࡢ❧య໬ᏛỴᐃ࡟⧅ࡀࡿᡭἲ࡟࡞ࡾᚓࡿ࡜⪃࠼㸪ࡑࡢࡇ࡜
ࢆᛕ㢌࡟࠾࠸࡚㸪௨ୗ࡟㏙࡭ࡿྜᡂ◊✲ࢆᐇ᪋ࡋࡓࠋ 
Scheme 1 ࡟ࢣࢺࣥ 13 ࢆඹ㏻୰㛫య࡜ࡍࡿ 5, 6 ࡢྜᡂᡓ␎࡜ 13 ࡢㄪ〇ἲࢆ♧ࡋࡓࠋศ
Ꮚࡢᕥഃ㒊఩࡟┦ᙜࡍࡿࣇࣛࢢ࣓ࣥࢺ 9 ࡟ࡘ࠸࡚ࡣ㸪ࣇ࢙ࢽࣝ࢔ࣛࢽࣥ࠿ࡽᐜ᫆࡟ㄪ〇࡛
ࡁࡿගᏛάᛶ≀㉁ 7 ࡟ᑐࡍࡿ Evans ୙ᩧ࢔ࣝ࢟ࣝ໬࡟ࡼࡾC13 ఩୙ᩧⅬࢆᑟධࡋ࡚ 8 ࡜ࡋ
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ࡓᚋ㸪3 ᕤ⛬ࡢኚ᥮࡟ࡼࡗ࡚ㄪ〇ࡋࡓࠋྑഃࣇࣛࢢ࣓ࣥࢺ 12 ࡟ࡘ࠸࡚ࡣ㸪ࣛࢭ࣑యࡢ࢔ࣝ
ࢥ࣮ࣝ 10 ࡟ᑐࡋ࡚ Sharpless ࡢ㏿ᗘㄽⓗศ๭ࢆ⾜ࡗ࡚ගᏛάᛶ࡞ 11 ࢆᚓࡓᚋ㸪2 ᕤ⛬ࡢ
ኚ᥮ࢆ⤒࡚ᚓࡿࡇ࡜ࡀ࡛ࡁࡓࠋ9 ࡜ 12 ࢆ RoushѸṇ᐀ࡢ᮲௳ 5)ࢆ⏝࠸࡚ HWE ཯ᛂ࡟௜ࡋࡓ
࡜ࡇࢁ㸪LiBr ࢆ⏝࠸ࡿ᮲௳࡟࠾࠸࡚ᮃࡴ㘽୰㛫య 13 ࡀ㧗཰⋡࣭㧗ᗄఱ㑅ᢥⓗ࡟ᚓࡽࢀࡿ
ࡇ࡜ࢆぢฟࡋࡓࠋ 
 
 
 
Scheme 1.    ඹ㏻㘽୰㛫య 13 ࡢㄪ〇࡜ 5, 6 ࡢྜᡂᡓ␎ 
Reagent and conditions; a) (Z)-1-Iodo-2-pentene, NaHMDS, THF, −78 °C, 89%; b) D-DIPT, 
TBHP, Ti(OiPr)4, MS4A, CH2Cl2, −20 °C, ca. 40% c) LiBr, Et3N, THF, rt, 86% 
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 ඹ㏻㘽୰㛫య 13 ࠿ࡽ㸪ࡲࡎ malyngic acid (5)ࡢྜᡂࢆ┠ᣦࡋࡓ (Scheme 2)ࠋ13 ࡟ᑐࡋ㸪
DDQ ࡟ࡼࡿ PMB ᇶࡢ⬺ಖㆤࢆ⾜ࡗ࡚࢔ࣝࢥ࣮ࣝ 14 ࡜ࡋࡓࠋ14 ࡟ᑐࡋ✀ࠎࡢ㑏ඖ᮲௳ࢆ
᳨ウࡋࡓ࡜ࡇࢁ㸪THF ࢆ⁐፹࡜ࡋ࡚ Zn(BH4)2ࢆ⣔ෆㄪ〇ࡋ㸪ịᾎୗ࡛㑏ඖ཯ᛂࢆ⾜ࡗࡓ
࡜ࡁ࡟᭱ࡶⰋ࠸ anti 㑅ᢥᛶࡀᚓࡽࢀࡿࡇ࡜ࢆぢฟࡋࡓ (15/12-epi-15 Ӎ 95:5 ) 6)ࠋ࡞࠾㸪
ഹ࠿࡟๪⏕ࡋࡓ࢚ࣆ࣐࣮[12-epi-15 = 17 (Scheme 3)]ࡣ㸪࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮࡟ࡼࡾ
ศ㞳ࡀྍ⬟࡛࠶ࡗࡓࠋ᭱ᚋ࡟ Ac ᇶཬࡧ࣓ࢳ࢚ࣝࢫࢸࣝࡢຍỈศゎࢆ⾜࠺ࡇ࡜࡛㸪┠ⓗ࡜ࡍ
ࡿ malyngic acid (5)ࡢྜᡂࢆ㐩ᡂࡋࡓࠋྜᡂࡋࡓ malyngic acid (5)ࡢྛ✀ࢹ࣮ࢱࡣሗ࿌ࡉ
ࢀࡓࡶࡢ࡜Ⰻ࠸୍⮴ࢆ♧ࡋࡓ 2)ࠋ 
 
 
 
Scheme 2.    Malyngic acid (5)ࡢྜᡂ 
Reagent and conditions; a) DDQ, CH2Cl2/H2O, 0 °C to rt, 96 %; b) Zn(BH4)2, THF, 0 °C, 
78%; c) LiOHyH2O, THF, rt to 40 °C, 49% 
 
 ḟ࡟㸪ྠ ୍ࡢ୰㛫య 13 ࠿ࡽࡢ fulgidic acid (6)ࡢྜᡂࢆヨࡳࡓ (Scheme 3)ࠋ13 ࡟ᑐࡍࡿ
㑏ඖ᮲௳ࢆ᳨ウࡋࡓ⤖ᯝ㸪K-selectride®7)ࢆ⏝࠸࡚཯ᛂࢆ⾜࠺࡜ 16/12-epi-16 = 16:1 ࡢẚ࡛
16 ࡀࢪ࢔ࢫࢸࣞ࢜㑅ᢥⓗ࡟ᚓࡽࢀࡿࡇ࡜ࢆぢฟࡋࡓࠋ16 ࡢ PMB ᇶ࡟ࡘ࠸࡚ࡣ DDQ ࢆ⏝
࠸࡚⬺ಖㆤࡍࡿࡇ࡜ࡀᅔ㞴࡛࠶ࡗࡓࡓࡵ㸪TFA / anisole ࢆ⏝࠸ࡿ᮲௳ 8)࡛㝖ཤࢆ⾜࠸ 17 (= 
12-epi-15)ࢆⰋዲ࡞཰⋡࡛ᚓࡓ㸦ࡇࡢ᫬Ⅼ࡛ࢪ࢔ࢫࢸ࣐࣮ࣞ࢜ࡢศ㞳ࢆ⾜࠸⣧⢋࡞ 17 ࡜ࡋ
ࡓ㸧ࠋ᭱ᚋ࡟㸪5 ࡢྜᡂ࡜ྠᵝ࡟ຍỈศゎࢆ⾜࠺ࡇ࡜࡛ᮃࡴ fulgidic acid (6)ࡢྜᡂࢆ㐩ᡂࡋ
ࡓࠋྜᡂࡋࡓ fulgidic acid (5)ࡢྛ✀ࢹ࣮ࢱࡣሗ࿌࡜Ⰻ࠸୍⮴ࢆ♧ࡋࡓ 9)ࠋ 
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Scheme 3.    Fulgidic acid (6)ࡢྜᡂ 
Reagent and conditions; a) K-selectridep, THF, −78 °C, 89%; b) TFA, anisole, CH2Cl2, 
0 °C to rt, 70%; c) LiOHyH2O, THF, rt to 40 °C, 87% 
 
௨ୖ㸪ⴭ⪅ࡣඹ㏻㘽୰㛫య 13 ࡟ᑐࡋ࡚␗࡞ࡿ㑏ඖἲࢆ㐺⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪࢚ࣆ࣐࣮ࡢ
㛵ಀ࡟࠶ࡿ malyngic acid (5)࡜ fulgidic acid (6)ࢆ❧య㑅ᢥⓗ࡟సࡾศࡅࡿࡇ࡜࡟ᡂຌࡋࡓ
10)ࠋᮏྜᡂ࡟࠾ࡅࡿ㘽୰㛫య 13 ࡣ S 㓄⨨ࢆᣢࡘᕥഃࣇࣛࢢ࣓ࣥࢺ 9 ࡜㸪ྠ ࡌࡃ S 㓄⨨ࢆᣢ
ࡘྑഃࣇࣛࢢ࣓ࣥࢺ 12 ࡢ HWE ཯ᛂ࡟ࡼࡿ࢝ࢵࣉࣜࣥࢢࢆ⤒⏤ࡋ࡚ㄪ〇ࡋࡓࡀ㸪7 ࡢ㙾ീ
యཬࡧ 11 ࡢ㙾ീయࡣඹ࡟㸪ࡑࢀࡒࢀ୙ᩧ⿵ຓᇶཬࡧ୙ᩧࣜ࢞ࣥࢻࢆ㏫ࡢ⤯ᑐ❧య㓄⨨ࢆᣢ
ࡘࡶࡢ࡟ኚ࠼ࡿࡇ࡜࡛ྠ୍ࡢྜᡂ⤒㊰࡟ࡼࡾᐜ᫆࡟ㄪ〇࡛ࡁࡿࡓࡵ㸪13 ࡢ 4 ✀඲࡚ࡢ❧య
␗ᛶయࢆྜᡂࡍࡿࡇ࡜ࡀྍ⬟࡛࠶ࡿࠋࡉࡽ࡟㸪ࡑࢀࡒࢀࡢ❧య␗ᛶయ࡟ᑐࡋ࡚ࢪ࢔ࢫࢸࣞ
࢜㑅ᢥⓗ㑏ඖἲࢆ㐺⏝ࡍࢀࡤ㸪5 ཬࡧ 6 ࡢ඲❧య␗ᛶయ 8 ✀ࢆྠࡌ⤒㊰࡟ࡼࡾసࡾศࡅࡿࡇ
࡜ࡶ࡛ࡁࡿࠋᮏ◊✲࡛☜❧ࡍࡿࡇ࡜ࡀ࡛ࡁࡓྜᡂᡭἲࡣ㸪㛵㐃ࡍࡿᵓ㐀ࢆ᭷ࡍࡿࢺࣜࣄࢻ
ࣟ࢟ࢩ୙㣬࿴⬡⫫㓟㢮ࡢྜᡂ࡟ᗈࡃᛂ⏝࡛ࡁࡿỗ⏝ⓗྜᡂἲ࡟ᡂࡾᚓࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
 
➨ 2 ❶ Nigricanoside 㢮ࡢྜᡂ◊✲ 
 
 ➨ 2 ❶࡛ࡣ㸪nigricanoside 㢮ࡢ❧య໬ᏛࡢỴᐃ࡟ྥࡅࡓྜᡂ◊✲ࢆᒎ㛤ࡋࡓࠋᐇ㝿࡟ྜ
ᡂ◊✲ࢆ㛤ጞࡍࡿ࡟࠶ࡓࡾ㸪᭱ึ࡟ྜᡂࢆ┠ᣦࡍ❧య␗ᛶయ࡜ࡋ࡚ఱࢆ㑅ࡪ࠿ࢆỴࡵࡿᚲ
せࡀ࠶ࡗࡓࡓࡵ㸪㛵㐃ࡍࡿᾏὒ⏘ኳ↛≀࡟ࡘ࠸࡚ヲ⣽࡞ᩥ⊩᳨⣴ࢆ⾜ࡗࡓࠋ᳨⣴ࡢ⤖ᯝ㸪
ᾏὒᛶ 㠴ẟ⸴࠿ࡽᚓࡽࢀࡿ⣽⬊ẘᛶ≀㉁ amphidionolactone A (18)11)ࡀ nigricanoside B
ࡢE㙐࡟┦ᙜࡍࡿᵓ㐀ࢆᣢࡘࡇ࡜ࡀศ࠿ࡗࡓࠋFigure 3 ࡟♧ࡍ㏻ࡾ㸪amphidinolactone A
ࡢࣛࢡࢺࣥᵓ㐀ࡀຍỈศゎ࡟ࡼࡾ㛤⎔ࡋࡓᵓ㐀ࡣ㸪nigricanoside B ࡢE㙐࡜ྠ୍ࡢⅣ⣲㦵᱁
࠾ࡼࡧࣄࢻࣟ࢟ࢩᇶࡢ㓄⨨ࢆ᭷ࡋ࡚࠸ࡿࠋⴭ⪅ࡣࡇࢀࢆᣐࡾᡤ࡜ࡋ࡚㸪nigricanoside B ࡢE
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㙐ࡢ❧య໬Ꮫࡣ㸪amphidinolactone A ࡜ྠ୍࡛࠶ࡿ࡜௬ᐃࡋ࡚ྜᡂࢆ㐍ࡵࡿࡇ࡜࡜ࡋࡓࠋ
Nigricanoside 㢮ࡢD㙐࡟ࡘ࠸࡚ࡣ㸪E㙐࡜ྠᵝࡢ⏕ྜᡂ⤒㊰࡟ࡼࡾྜᡂࡉࢀ࡚࠸ࡿྍ⬟ᛶࢆ
⪃࠼࡚㸪E㙐࡜ྠᵝ࡞❧య໬Ꮫࢆ᭷ࡍࡿ࡜௬ᐃࡋࡓࠋGG 㒊఩࡟㛵ࡋ࡚ࡣ㸪⌧ᅾࡲ࡛࡟ሗ࿌
ࡉࢀ࡚࠸ࡿ࢞ࣛࢡࢺࢩࣝࢢࣜࢭ࣮ࣟࣝ㢮⦕యࢆᵓᡂࡍࡿ࢞ࣛࢡࢺ࣮ࢫࡣ㏻ᖖࡢDᆺ࡛࠶ࡾ㸪
ࢢࣜࢭ࣮ࣟࣝ㒊఩ࡣ඲࡚ S 㓄⨨࡛࠶ࡿࡇ࡜࠿ࡽ㸪nigricanoside 㢮࡟ࡘ࠸࡚ࡶྠᵝ࡛࠶ࢁ࠺
࡜⪃࠼ࡓࠋ 
 ௨ୖࡢ᥎ᐃ࡟ᇶ࡙ࡁ㸪ⴭ⪅ࡣ㸪᭱ึ࡟ྜᡂࢆ┠ᣦࡍ nigricanoside 㢮ࡢ❧య໬Ꮫ࡜ࡋ࡚㸪
Figure 3 ࡟♧ࡍᵓ㐀ࢆタᐃࡋࡓࠋ 
 
 
 
Figure 3.    Nigricanoside 㢮ࡢ❧య໬Ꮫࡢண᝿ 
 
 ➨ 1 ❶࡛☜❧ࡋࡓྜᡂἲࢆ⏝࠸࡚㸪ࡲࡎ㸪nigricanoside 㢮ࡢD㙐ࡢྜᡂ◊✲࡟ྲྀࡾ⤌ࢇ
ࡔࠋྜᡂィ⏬ࡢ❧᱌࡟㝿ࡋ࡚ࡣ㸪nigricanoside 㢮ࡢ❧య໬ᏛỴᐃ࡟ᰂ㌾࡟ᑐฎ࡛ࡁࡿࡼ࠺
࡟㸪ྛࣄࢻࣟ࢟ࢩᇶ࡟ࡘ࠸࡚㸪ࡑࢀࡒࢀࢆ㑅ᢥⓗ࡟㝖ཤ࡛ࡁࡿࡼ࠺࡞ಖㆤᇶࢆ⏝࠸ࡿࡇ࡜
࡜ࡋࡓࠋ 
 Scheme 4 ࡟D㙐ಖㆤయ 24 ࡢྜᡂࡢᴫ␎ࢆグࡍࠋ➨ 1 ❶ࡢᡭἲࢆ㐺⏝ࡋ࡚࢔ࣝࢹࣄࢻ 19
࡜࣍ࢫ࣍ࢿ࣮ࢺ 20 ࢆㄪ〇ࡋ㸪୧⪅ࢆ HWE ཯ᛂ࡟ࡼࡾ࢝ࢵࣉࣜࣥࢢࡍࡿࡇ࡜࡛ 21 ࢆᚓࡓࠋ
ᙜึ㸪21 ࡢ C6 ఩ࣄࢻࣟ࢟ࢩᇶࡀ TBS ᇶ࡛ࡣ࡞ࡃ࢔ࢭࢳࣝᇶ࡛ಖㆤࡉࢀࡓᇶ㉁࡟ᑐࡋ㸪
Scheme 2ࡢᡭἲ࡟ᚑ࠸PMBᇶࡢ⬺ಖㆤ࡜ anti㑅ᢥⓗ㑏ඖ࡟ࡼࡾ 9,10-anti-diolࢆㄪ〇ࡋ㸪
ⓑ⏿ࡽࡢሗ࿌ 12)ࢆཧ⪃࡟ࡋ࡚ C9 ఩ࡢࡳࢆ㑅ᢥⓗ࡟ಖㆤࡍࡿࡇ࡜ࢆヨࡳࡓࡀ㸪㑅ᢥᛶ࣭཰⋡
࡜ࡶ࡟༑ศ࡞⤖ᯝࡣᚓࡽࢀ࡞࠿ࡗࡓࠋࡑࡇ࡛ PMB ಖㆤయ 21 ࡟ᑐࡋ࡚ anti 㑅ᢥⓗ㑏ඖࢆ⾜
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ࡗ࡚ࡳࡓ࡜ࡇࢁ㸪཯ᛂ ᗘࢆཝᐦ࡟ไᚚࡍࡿࡇ࡜࡟ࡼࡾ 22 ࡀ㑅ᢥⓗ࡟ᚓࡽࢀࡿࡇ࡜ࢆぢฟ
ࡋࡓࠋ22 ࡢ C10 ఩ࣄࢻࣟ࢟ࢩᇶࢆ࢔ࢭࢳࣝᇶ࡛ಖㆤࡋ࡚ 23 ࡜ࡋ㸪᭱ᚋ࡟ PMB ᇶࡢ⬺ಖ
ㆤࢆ⾜࠺ࡇ࡜࡛┠ⓗ࡜ࡍࡿD㙐ಖㆤయ 24 ࡢྜᡂࢆ᏶஢ࡋࡓ 13)ࠋ 
 
 
 
Scheme 4.    Nigricanoside 㢮ࡢD㙐ಖㆤయ 24 ࡢྜᡂ 
Reagent and conditions; a) 19, LiBr, Et3N, THF, rt, 86%; b) Zn(BH4)2, Et2O, −40 °C to 
−5 °C, 40%; c) AcCl, DMAP, Py., rt, 92%; d) DDQ, CH2Cl2/H2O, 0 °C to rt, 82% 
 
 ḟ࡟ nigricanoside 㢮ࡢ GG 㒊఩ࡢㄪ〇࡜ࢭࢢ࣓ࣥࢺྠኈࡢ㐃⤖࡟ࡘ࠸᳨࡚ウࢆ⾜ࡗࡓࠋ
ᙜึࡢྜᡂィ⏬࡛ࡣ㸪D㙐㸪E㙐㸪GG 㒊఩ࢆ㡰ḟ㐃⤖ࡍࡿࡇ࡜࡛ nigricanoside 㢮ࡢ඲㦵᱁
ࢆᚓࡿࡇ࡜ࢆ௻ᅗࡋ࡚࠸ࡓࡀ㸪ู ㏵ㄪ〇ࡋࡓGG㒊఩࡜E㙐ࣔࢹࣝࢆ⏝࠸ࡓ㐃⤖ࡢ᳨ウࡼࡾ㸪
ࡑࡢᡓ␎ࡣᅔ㞴࡛࠶ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋࡑࡇ࡛ⴭ⪅ࡣ nigricanoside 㢮ࢆ໭す㒊఩࡜༡ᮾ
㒊఩࡟ศ๭ࡋ㸪୧⪅ࢆศᏊ୰ኸ㒊࡛㐃⤖ࡍࡿࡇ࡜୍࡛Ẽ࡟඲㦵᱁ࢆᵓ⠏ࡍࡿ㏫ྜᡂࢆ❧᱌
ࡋࡓ(Scheme 5)ࠋࡇࡢ⤒㊰࡟࠾࠸࡚㸪໭すࢭࢢ࣓ࣥࢺ 25 ࡣඛ࡟ㄪ〇ࡋࡓD㙐ಖㆤయ 24 ࡜E
㙐ᕥഃࢭࢢ࣓ࣥࢺ࡜ࡢ㐃⤖࡟ࡼࡾྜᡂ࡛ࡁࡿ࡜⪃࠼ࡽࢀ㸪E㙐ᕥഃࢭࢢ࣓ࣥࢺࡢᵓ㐀ࢆኚ࠼
ࡿࡇ࡜࡛ nigricanoside A ࠾ࡼࡧ B ࡢసࡾศࡅࡀྍ⬟࡛࠶ࡿࠋ༡ᮾࢭࢢ࣓ࣥࢺ 26 ࡢㄪ〇࡟
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ࡘ࠸࡚ࡣ㸪࢞ࣛࢡࢺ࣮ࢫࡢ 6 ఩࡟࢔ࣜࣝᇶࢆᑟධࡋ㸪ࡑࡢ஧㔜⤖ྜࡢ㓟໬㛤⿣⏕ᡂ≀ࢆ㊊
ࡀ࠿ࡾ࡜ࡋ࡚E㙐ࡢྑഃ㒊఩ࢆᵓ⠏ࡍࡿィ⏬ࢆ❧࡚ࡓࠋ 
 
 
 
Scheme 5.    Nigricanoside 㢮ࡢྜᡂィ⏬ 
 
 Nigricanoside 㢮ࡢ༡ᮾࢭࢢ࣓ࣥࢺ 34 ࡢྜᡂ⤒㊰ࢆ Scheme 6 ࡟♧ࡋࡓࠋD-galactose ࠿
ࡽᑟ࠿ࢀࡿ᪤▱ࡢ࢖࣑ࢲ࣮ࢺ 3014)࡜ࢢࣜࢭ࣮ࣟࣝㄏᑟయ 2715)࡜ࡢ Schmidt ἲࢆ⏝࠸ࡓࢢ
ࣜࢥࢩࣝ໬཯ᛂ࡟ࡼࡾ㸪E㑅ᢥⓗ࡟ 31 ࢆᚓࡓࠋ31 ࡢ 3 ࡘࡢ࢔ࢭࢳࣝᇶࢆ TBS ᇶ࡟ኚ᥮ࡋ
࡚ 32 ࡜ࡋࡓᚋ㸪C6’’఩ࡢ࢔ࣜࣝᇶ࡟ᑐࡍࡿ࢜ࢰࣥศゎ࡜ Pinnick 㓟໬࡟ࡼࡾࢢࣜࢥ࣮ࣝ㓟
ㄏᑟయࢆᚓࡓࠋࡑࢀࢆΰྜ㓟↓Ỉ≀࡜ࡋࡓᚋ࡟ 28 ࡜཯ᛂࡉࡏࡿࡇ࡜࡟ࡼࡾ Evans ࢔ࣝ࢟
ࣝ໬๓㥑య 33 ࢆᚓࡓࠋ 
 ḟ࡟㸪33 ࡜ู㏵ㄪ〇ࡋࡓ࢔ࣜࣝᆺࣚ࢘໬≀ 29 ࡜ࡢ Evans ୙ᩧ࢔ࣝ࢟ࣝ໬཯ᛂࡢ᳨ウࢆ
⾜ࡗࡓࠋࢪ࢔ࢫࢸࣞ࢜㑅ᢥᛶ࠾ࡼࡧ཰⋡࡟ࡘ࠸࡚ᨵၿࡍࡿᚲせࡀ࠶ࡿࡶࡢࡢ㸪 ᗘࢆไᚚ
ࡋ࡚཯ᛂࢆ⾜࠺ࡇ࡜࡛┠ⓗ࡜ࡍࡿ 34 ࢆ୺⏕ᡂ≀࡜ࡋ࡚ᚓ࡚࠸ࡿࠋ๪⏕ࡋࡓࢪ࢔ࢫࢸ࣐ࣞ࢜
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࣮ࡣ࣒࢝ࣛࢡ࣐ࣟࢺࢢࣛࣇ࢕࣮࡟ࡼࡿศ㞳ࡀྍ⬟࡛࠶ࡾ㸪ࡇࢀࡲ࡛ࡢ࡜ࡇࢁ㸪ഹ࠿ 7%ࡢ཰
⋡࡛ࡣ࠶ࡿࡀ⣧⢋࡞ 34 ࢆ༢㞳ࡋ࡚࠸ࡿࠋ34 ࡣᩘᕤ⛬ࡢኚ᥮࡟ࡼࡾ㸪Julia ࢝ࢵࣉࣜࣥࢢ๓
㥑య 26 ࡬࡜ᑟࡅࡿࡶࡢ࡜⪃࠼࡚࠸ࡿࠋ 
 
 
 
Scheme 6.    Nigricanoside 㢮ࡢ༡ᮾࢭࢢ࣓ࣥࢺࡢྜᡂ 
Reagent and conditions; a) 27, TMSOTf, MS4A, CH2Cl2, −15 °C, 65%; b) K2CO3, MeOH, 
rt; c) TBSOTf, lut, CH2Cl2, rt, 70% (2 steps); d) O3, CH2Cl2, then Me2S, −78 °C; e) NaClO2, 
2-Me-2-butene, phosphate buffer (pH 7), 0 °C to rt; f) PivCl, Et3N, THF, then 28, −78 °C, 
56% (3 steps); g) 29, NaHMDS, THF, −78 °C to −40 °C, 31% 
 
 
456
10 
 
࠾ࢃࡾ࡟ 
 ᮏ༤ኈㄽᩥ࡛ࡣ nigricanoside A (1)ཬࡧ B (2)ࡢ❧య໬ᏛỴᐃࢆ᭱⤊ⓗ࡞┠ᶆ࡜ࡋ࡚㸪⏕
≀άᛶࢆ᭷ࡍࡿ࢜࢟ࢩࣜࣆࣥᆺኳ↛≀ࡢྜᡂ◊✲ࢆ⾜ࡗࡓࠋ 
 ➨ 1 ❶࡛ࡣ nigricanoside 㢮ࡢD㙐㸪E㙐࡟㢮ఝࡋࡓᵓ㐀ࢆᣢࡘࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫
㓟ᆺኳ↛≀࡜ࡋ࡚ malyngic acid (5) ཬࡧ fulgidic acid (6)ࢆ㑅ᢥࡋ㸪ඹ㏻㘽୰㛫య 13 ࡟ᑐ
ࡍࡿ㑏ඖἲࢆ㑅ᢥࡍࡿࡇ࡜࡛㸪୧⪅ࢆ 1 ࡘࡢྜᡂ⤒㊰ࡢ୰࡛సࡾศࡅࡿࡇ࡜࡟ᡂຌࡋࡓࠋ
ᮏྜᡂἲࡢ☜❧࡟ࡼࡾ㸪nigricanoside 㢮ࢆᵓᡂࡍࡿ⬡⫫㓟㙐ࢆྵࡵ࡚㸪㢮ఝᵓ㐀ࢆ᭷ࡍࡿ
ࢺࣜࣄࢻࣟ࢟ࢩ୙㣬࿴⬡⫫㓟㢮ࡢ⮬ᅾ࡞❧య㑅ᢥⓗྜᡂࡀྍ⬟࡟࡞ࡿࡶࡢ࡜⪃࠼ࡽࢀࡿࠋ 
 ➨ 2 ❶࡛ࡣ➨ 1 ❶࡛☜❧ࡋࡓྜᡂἲࢆ⏝࠸࡚ nigricanoside 㢮ࡢD㙐ಖㆤయࡢྜᡂࢆ᏶஢
ࡋࡓࠋࡲࡓ㸪GG 㒊఩࡜E㙐ࣔࢹࣝ࡜ࡢ㐃⤖཯ᛂࡢ᳨ウࢆ㏻ࡋ࡚ nigricanoside 㢮ࡢ඲㦵᱁
ࢆ໭すࢭࢢ࣓ࣥࢺ࡜༡ᮾࢭࢢ࣓ࣥࢺ࡜ࡢ࢝ࢵࣉࣜࣥࢢ࡟ࡼࡾᵓ⠏ࡍࡿྜᡂィ⏬ࢆ❧᱌ࡋ㸪
ࡑࡢ࠺ࡕ㸪༡ᮾࢭࢢ࣓ࣥࢺࡢ඲㦵᱁ࡢᵓ⠏ࢆ㐩ᡂࡋࡓࠋ 
௒ᚋࡣ㸪Evans ୙ᩧ࢔ࣝ࢟ࣝ໬཯ᛂࡢ❧య㑅ᢥᛶཬࡧ཰⋡ࡢᨵၿ➼࡟ࡼࡾ༡ᮾࢭࢢ࣓ࣥ
ࢺࡢྜᡂ᪉ἲࢆ᭱㐺໬ࡍࡿ࡜࡜ࡶ࡟㸪໭すࢭࢢ࣓ࣥࢺࡢㄪ〇ཬࡧ୧ࢭࢢ࣓ࣥࢺࡢ࢝ࢵࣉࣜ
ࣥࢢ࡟ࡼࡾ nigricanoside 㢮ࡢ඲㦵᱁ࡢᵓ⠏ࢆ┠ᣦࡍࠋ 
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